After anaesthesia with diethyl-ether one common carotid artery was ligated and transsected. Twenty-four hours later the animals were exposed to carbon monoxide (3000 ppm in room air) for 90 minutes while held in a plastic box with a volume of 3001, allowing the exposure of eight animals at a time. The gas mixture was stirred by a fan. The concentration of carbon monoxide was continuously monitored inside the plastic container and in its immediate vicinity by an infrared spectrometer (URAS I, Hartmann & Braun, FRG) to assure a continuous exposure of the animals and to protect laboratory personnel against accidental leaks. At the 48th hour after exposure the rats were anaesthetised with diethyl-ether and perfused via the ascending aorta with formalin after briefly washing out the vasculature with saline.
Small animal models are valuable in the investigation of brain infarction by providing a sample size sufficient for statistical analysis. Those models producing unilateral infarcts are further advantageous in that the contralateral hemisphere is available for comparison in morphological and biochemical investigations. Moreover, unilateral infarcts allow the study of brain damage by way of lateralised neurological signs.
The mongolian gerbil is useful for the development of unilateral brain infarcts after ligation of one common carotid artery owing to functional insufficiency of the circle of Willis.' However, this animal is not large enough for easy invasive monitoring of its effects. This objection does not hold for the Levine model in which unilateral brain infarcts are produced in the rat by ligation of one common carotid artery and subsequent exposure to hypoxic hypoxia.2 However, the hypoxia induces a sympatho-adrenal stimulation so that substantial oxygen deficiency is required for cerebral infarcts to result, and this demands close monitoring of the Series I After anaesthesia with diethyl-ether one common carotid artery was ligated and transsected. Twenty-four hours later the animals were exposed to carbon monoxide (3000 ppm in room air) for 90 minutes while held in a plastic box with a volume of 3001, allowing the exposure of eight animals at a time. The blood-brain barrier.
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Histological evaluation of the brains was performed in two frontal planes which were found to be representative of the extent of the infarct. One plane was through the medial portion of the anterior commissure and the other through the greatest extent of the thalamus.
Brain damage was graded as follows: 0/I: no lesion or small, patchy necrosis, II: subcortical-damage, with the cortex involved to less than one half of its total extent, III: damage of greater extent than II. For the purpose of statistical analysis we recorded the regional incidence of brain lesions in each sample by counting how often the fields of a standardised grid were covered to more than 50% by the lesion (fig 4) . Blood-brain barrier. All The infarcts were typically located along the rhinal fissure (fig 3) . The laterobasal cortex, the hippocampal cortex, the striatum and the amygdala were mostly involved. The intensity of the lesions ranged from neuronal to total necrosis. From a total of 38 animals which had died during the carbon monoxide exposure, 23 had no cerebral alteration, 12 showed a slight pallor of the ipsilateral hemisphere and three showed a distinctly demarcated pallor of the typical zone of infarction. In no case could brain swelling be detected. All animals which died after cessation of the carbon monoxide exposure had massive ipsilateral brain swelling with considerable softening of the tissue and herniation.
No BBB-damage (n=9) In the awake unrestrained animals there was a slight tachycardia by the 10th minute of the carbon monoxide exposure which was followed after only one to two minutes by a fall of the mean arterial blood pressure from a base level of 113 mm Hg to a minimum of 77 mm Hg by the 12th minute. After 10 minutes of the carbon monoxide exposure the EEG frequency decreased and the EEG amplitude increased bilaterally. Ipsilaterally this was followed by a synchronous and abrupt decrease of frequency and amplitude, reaching the zero line by the 20th minute. Contralaterally the depression was at maximum by the 25th minute of the carbon monoxide exposure. Later on, a gradual restitution took place until termination of the exposure.
The respiratory rate varied greatly between individuals. During the second half of the carbon monoxide exposure in 14 of the 18 animals episodes of bradycardia occurred. They were of 10 to 20 seconds duration with intervals of 20 to 30 seconds. They disappeared within 60 to 120 seconds after cessation of the carbon monoxide exposure. Electrocardiographic studies showed that this bradycardia was due to heart block with an artrioventricular ratio of 2:1 (unpublished data).
Nine of the 18 animals died within 12 hours after the carbon monoxide exposure and showed severe ipsilateral brain swelling. During the carbon monoxide exposure the course of the physiological variables found in the nonsurvivors did not differ from that detected in the survivors (fig 10) . However, after the carbon monoxide exposure recovery of the ipsilateral EEG was, by comparison, delayed in the nonsurvivors. From the 20th minute of the recovery phase onwards, the increase of the mean arterial blood pressure was steeper in the nonsurvivors than in the survivors.
Discussion
According to the binding characteristics of CO-Hb,6 very low concentrations of carbon monoxide reduce considerably oxygen availability in the tissues. The arterial oxygen pressure measured during the carbon monoxide exposure did not fall short of the threshold below which the chemoreceptors are stimulated, which is within the range 70 to 80 mm Hg.7 Since the chemoreceptors have been found to be insensitive to partial carbon monoxide pressure, CO-Hb concentration and oxygen content, 7 8 chemoreceptor-induced circulatory responses were absent in our animals. They consist of elevation of respiratory rate and tide, increase of systemic arterial blood pressure and cardial output and in tachycardia.9-'2 There is also an activation of the hypothalamo-hypophyseo-adrenocortical system. 13 After denervation of the carotid and aortal chemoreceptors the circulatory and respiratory reactions induced by hypoxic hypoxia no longer differ from those induced by carbon monoxide. '2 1415 The drop of systemic arterial pressure starting two minutes after the beginning of the carbon monoxide exposure confirms observations made in rats, '6-'8 rabbits,'4 ,s guinea pigs,'8 dogs, '2 1920 In our experiments the infarct incidence increased when the pressure distal to the common carotid artery ligation fell below about 45% of the systemic arterial blood pressure, that is below 35 mm Hg during the carbon monoxide induced hypotension of about 80 mm Hg (figs 8, 9, 10). Since the bolus experiments (series II) revealed that-at least with normotension-there was consistently a pressure difference between the extemal and internal carotid arteries in favour of the latter, it is probable that the effective blood pressure within the ipsilateral semicircle of Willis exceeded the distal arterial stump pressure also during hypotension. Comparison between surviving (n = 9) and nonsurviving (n = 9) rats.
paration31 we never saw focal brain lesions in the without extravasation of albumin-dye complexes contralateral hemisphere. This suggests that the exhibited the longest survival time, the failure to hypoxic component plays a more important role in demonstrate Evans blue extravasation is not likely the Levine preparation than the anaemic one in our to be simply due to an arrest of brain perfusion. This model. The pallor of the infarcted brain in animals requires further investigations. There is evidence which died' during the carbon monoxide exposure or that the development of ischaemic brain lesions is which were sacrificed within 30 minutes thereafter not dependent on damage of the blood-brain barindicates that there was cytotoxic brain oedemia. rier.34 This is well known to occur early in the development The rotational behaviour of rats appears to arise of regional ischaemic brain infarcts33 34 and of from unilateral activation of the striatum which anoxic-ischaemic brain lesions.3 31 The later occurr-induces contraversive rotations.38 This area was regence of Evans blue extravasation agrees with obser-ularly affected in our animals (fig 4) . Hypoxia is vations of others.33333537 It demonstrates that the shown to impede both the oxygen-dependent rate areas which subsequently become necrotic are regu-limiting steps of neurotransmitter synthesis and larly reperfused after cessation of the carbon mono-those of inactivation.3942 The storage mechanisms xide exposure. The capillaries appeared not to be of synaptic vesicles, the maintenance of membrane occluded completely by the cytotoxic brain oedema potentials and the re-uptake by presynpatic neuron or by other mechanisms which might impede recir-of origin are also dependent on the presence of culation within the infarcted area as, for example, energy rich phosphates.40 Low intensity hypoxia aggregation of platelets, sludging of erythrocytes, increases neurotransmitter concentration within the intraluminal membrane bound bodies and arterial synaptic cleft inducing an activation of the system spasms.33 36 37 ,-involved. During the initial phase of carbon monoxide exposure there is a predominant "activation" of the ipsilateral hemisphere caused by hypoxia-induced transmitter release. After the 35th minute of the exposure the contralateral hemisphere preponderates reflecting energy exhaustion and depletion of neurotransmitters in the ipsilateral hemisphere.
The intensity of the brain damage revealed histologically corresponds well with the course of the number of rotating animals (fig 7) . In the slightly affected rats the ipsilateral hemisphere predominates during the whole carbon monoxide exposure, whereas in the more severely damaged animals the contralateral hemisphere predominates from the 25th minute onwards. Thus, in the surviving animals the neuropathological outcome can be predicted in statistical terms from the 30th minute of the exposure onwards. Survival, however, cannot be predicted until the recovery phase. In contrast to what is observed in the survivors, the number of rotating animals increases in the nonsurvivorspredominantly the frequency of the contraversive ones (fig 7) . They display, in addition, an ictal quality with increased velocity of rotating confirming observations in the Levine model.43 Often rotation is combined with running and jumping fits which are well known to be included by anoxic-ischaemic brain lesions.
The pathophysiological data did not allow prediction of survival, until the recovery phase which shows a significantly delayed restoration of the all important ipsilateral EEG. Although not apparently significant, it is noteworthy that there was complete flattening of the ipsilateral EEG during the last 20 minutes of the exposure in all of the nonsurvivors, whereas in most of the survivors there was some resting activity of low frequency and amplitude ( fig  10) . Since electric silence persisted until the 15th minute of the recovery period (probably due to the slowness of the CO-Hb desaturation), its whole duration amounted to 35 minutes. This agrees with findings in monkeys which show that the duration of EEG flattening critical for the development of marked ischaemic infarcts is 25 minutes. 28 The marked respiratory depression and steeper increase of systemic arterial pressure in the nonsurvivors, concomitant with a slight decrease of the heart rate (fig 10) Finally we wish to stress that we have found considerable strain differences in the results of carbon monoxide exposure and unilateral common carotid artery ligation. Most probably these can be attributed to differences in cephalic collateral blood supply.56
